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Abstract 
The most global energy that directly related to building sector is the amount of energy consumption in 
the heating, and air-conditioning. One of the best ways that that enhances the reduction of this energy 
consumption and maintains the best comfort zone to the occupant is using a phase change material 
(PCM) with under floor heating/cooling system. In the present work, a new theoretical study involving 
comparative investigation among different PCMs on the energy consumption of under floor heating system 
has been performed. The most used organic and inorganic PCMs complete with their specified thermos-
physical properties with the melting temperature as the main effective properties are studied. In addition, 
economical studies for all selected PCMs have been performed. Therefore, the finest PCM is selected 
carefully to satisfy law energy consumption with low cost. The results show that the organic PCM A39 with 
melting temperature of 39 °C is suggested the optimum as it has less negative effect on the environment 
with high power saving. The Cacl2-6H2O PCM is recommended with the restrictions of the impacts on the 
environments due to the low cost. In addition, it is found that the thickness of the PCM has a remarkable 
effect on the law energy consumption and so, the small thickness is recommended to give low cost. Unlike 
using PCM in roofs and walls, in underfloor heating system application PCM melting temperature should 
be suitable for floor surface temperature and room air temperature. 
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ABSTRACT: The most global energy that directly related to building sector is the amount of 
energy consumption in the heating, and air-conditioning. One of the best ways that that 
enhances the reduction of this energy consumption and maintains the best comfort zone to 
the occupant is using a phase change material (PCM) with under floor heating/cooling 
system. In the present work, a new theoretical study involving comparative investigation 
among different PCMs on the energy consumption of under floor heating system has been 
performed. The most used organic and inorganic PCMs complete with their specified 
thermos-physical properties with the melting temperature as the main effective properties 
are studied. In addition, economical studies for all selected PCMs have been performed. 
Therefore, the finest PCM is selected carefully to satisfy law energy consumption with low 
cost. The results show that the organic PCM A39 with melting temperature of 39 °C is 
suggested the optimum as it has less negative effect on the environment with high power 
saving. The Cacl2-6H2O PCM is recommended with the restrictions of the impacts on the 
environments due to the low cost. In addition, it is found that the thickness of the PCM has a 
remarkable effect on the law energy consumption and so, the small thickness is recommended 
to give low cost. Unlike using PCM in roofs and walls, in underfloor heating system 
application PCM melting temperature should be suitable for floor surface temperature and 
room air temperature. 
KEYWORDS: comfort zone, Phase change material, under floor heating, PCM 
1. INTRODUCTION
Energy saving is a vital issue for both economy and environment. Residential and domestic building 
heating systems are well-known of their high energy consumption and high environmental effect, source of 
carbon dioxide (CO2) emissions. Therefore, conservation of energy in building has become a priority for 
costumers as well as researchers; this is due to the climate issue that we are all aware with. Underfloor heating 
(UFH) is often promoted to be an energy saving heating method and became more common in family domestic 
houses, shown in Fig.1. In underfloor heating system, hot water runs through pipes that are casted in the 
foundation under the floor or placed underneath the flooring material. Depending on the heating load capacity, 
single, helical supply and return or parallel supply and return type serpentine will be selected, Fig.2. Underfloor 
heating system does not take away space or affect the appearance of the living area. Moreover, since the entire 
floor is heated up, which increase the thermal contact area with the inside air. This should allow for lower 
water temperatures in the system and more dispersed heat in the entire room.
Using a thermal storage material in a building is a good method to decrease the amount of energy needed 
for building heating systems. One of the most commercial materials that work as thermal storage materials is 
the phase change materials (PCM). This is due to their sensible and latent heat storage capability. Nowadays, 
PCM have been employed in many energy storage applications in different fields such as HVAC systems 
((Zhou et al., 2012), (Rahimpour et al., 2017), (Memon, 2014), and (Kalaes and Jelle, 2015)), heat exchangers 
((Gunasekara et al., 2017), (Huang etal., 2017), (Ke, 2017), and (Promoppatum et al., 2017)), and solar energy 
storage systems ((Haillot et al., 2017) , (Singh et al., 2017), and (Mohamed et al., 2017)). The PCM thermal 
properties have been augmented via numerous methods. One of the most enhancement techniques is the using 
of nanoparticles ((Elbahjaoui and El Qarnia, 2017), (Karaipekli et al., 2017) and (Colla et al., 2017)). 
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Fig.1 Under floor heating system 
(a) (b) 
(c ) 
Fig. 2. Pipe loop configuration, (a) single serpentine, (b) helical and (c ) parallel 
Heat transfer model of underfloor heating system based on variable thermal and physical parameters of 
PCM was studied numerically (Zhao et al., 2016). They found that the thermal conductivity of PCM plays an 
important role in keeping temperature of air during the PCM solidification processes. Also, as PCM thermal 
conductivity improved, the thermal diffusion rate will be accelerate and hence shorten the storage time of the 
heating system. Also, the effect of thermal conductivity of the PCM on energy savings and economic benefits 
were studied theoretically and experimentally by (Cheng et al. 2015). They found that when the thermal 
conductivity was beyond 1.0 W/m K, the amount of the saved energy was not obvious. 
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The amount of saved energy due to using PCM in underfloor heating system was measured experimentally 
(Barzin et al., 2015). They found that using PCM in underfloor heating system was a very efficient energy 
usage. Also, they found that for five days only, the total saved energy and electrical cost equal to 18.8% and 
28.7%, respectively. The highest amount of saved energy was achieved during this period was 35%. In a 
relatively cooled weather, White petroleum jelly (as a phase change material) was used and investigate with an 
electrical under floor heating system (El Mays et al., 2017). The results found that the electrical consumption 
was shifted by about six hours due to the latent heat stored in PCM 
The effect of PCM melting point on the amount energy consumption in underfloor heating system was 
studied (Devaux and Farid, 2017). They found that as PCM melting point increases, significant peak load 
shifting was allowed. They also studied the effect of using PCM in the walls and ceiling. The effect of using 
double-layer radiant floor system with organic phase change material was investigated, Xia and Zhang, (2016). 
They found that using PCM with double-layer radiant floor system verify the thermal need for heating system. 
The consumed energy was lowered during thermal storage process 
Experimental investigation of the performance of a low-temperature radiant floor heating system with 
sand or phase change material were carried out (Guobing and Jing, 2015). The results showed that if the heat 
source was closed, the floor that used phase change material (PCM) as thermal mass release heat about two 
times longer than that for the cases using sand. The thermal characteristics and the energy consumption of the 
conventional underfloor heating system was compared with an identical room used PCM, (Shilei et al., 2018). 
It was found that the average room temperature that used PCM was 7.15◦C higher than that of the conventional 
room. Also, the average energy-saving rate of PCM room was 54.27% higher than of the conventional room 
In the present work, theoretical performance comparison of underfloor heating system using different 
phase change materials (PCM) as a thermal storage material is performed to obtain the best one. PCM may be 
classified into two types; organic PCM and inorganic PCM [5]. Eight different organic PCMs and the most 
common three used inorganic PCMs are selected and compared. Table 1 and Table 2 show the physical 
properties of the selected studied PCM materials. The comparison objectives are maximum energy saving, 
lightweight of the building and payback period. Finally, unlike previous theoretical works, the present 
theoretical work divided the PCM charging/discharging mode into three different parts; solid sensible heating, 
melting/solidification and liquid sensible heating. 
Table 1. Physical properties of the used organic PCM materials (Rezaei et al. 2013) 
PCM 
Melting 
temp. 
(°C) 
Specific heat 
(kJ/kg K) Density (kg/m
3) 
Thermal 
conductivity 
(W/m °C) 
Heat of fusion 
(kJ/kg) 
Price 
$/kg 
A32 
A39 
A42 
A48 
A53 
32 
39 
42 
48 
53 
2.20 
2.22 
2.22 
2.85 
2.22 
845 
900 
905 
810 
910 
0.21 
0.22 
0.21 
0.18 
0.22 
130 
105 
105 
234 
130 
6.5 
6.5 
6.5 
6.5 
6.5 
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Table 2. Physical properties of the used inorganic PCM materials (Pasupathy and Velraj, 2006 ) 
2. MATHEMATICAL MODEL
In the present work a 2.5 m long, 2.5 m wide and 3 m high room is selected as a case study. The room is 
located in Tripoli city, Lebanon. Room layout diagram is shown in Fig. 3. The overall heat transfer coefficient 
value for walls, windows and roof are summarized in Table 3.
Fig.3. Room layout diagram 
Table 3. Overall heat transfer coefficient 
The total transmitted heating load to the room can be calculated as follows: (ASHRAE fundamental, 
2005) 
Eq. (1) 
Where: 𝑄𝐻𝐿𝑄𝑤𝑎𝑙𝑙𝑄𝑟
𝑄𝐻𝐿  = 𝑄𝑤𝑎𝑙𝑙  + 𝑄𝑟 + 𝑄𝑓  + 𝑄𝑤𝑖𝑛𝑑𝑜𝑤  + 𝑄𝑑  + 𝑄𝑝 + 𝑄𝑖
= Total heating load capacity, W 
= Walls heating load , W 
= Roof  heating load , W 
U, (W/(m²-°K)) 
Walls 1.409 
Roof 0.518 
Windows 3.237 
Item 
inorganic salt hydrate 
(48% CaCl2 + 4.3 % NaCl + 
0.4%KCl + 47.3% H2O) 
capric-palmitic CaCl2·6H2O 
Melting temperature , (°C) 26-28 22.5 29.8 
Specific heat (J/kg K) 
solid 
Liquid 
1440 
2000 
2300 
1400 
2160 
Density (kg/m3) 
solid 
Liquid 
1640 
870 
790 
1710 
1560 
Thermal conductivity 
(W/m °C) 
solid 
Liquid 
1.09 
0.54 
0.14 
0.14 
1.08 
0.56 
Heat of fusion (J/kg) 188000 173000 191000 
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= Floor heating load , W 𝑄𝑓 𝑄𝑤𝑖𝑛𝑑𝑜𝑤 = Window  heating load , W 
= Door heating load , W 
= Partition heating load , W 
= Infiltration heating load , W 
𝑄𝑑 𝑄𝑝 𝑄𝑖 
AFORTRAN computer program with TRANSYS is design to calculate the amount of energy saving due 
to using PCM material, the heat flow and cross sectional layout are presented in Fig. 4. The following 
assumptions are considered: 
i. steady state conditions
ii. The heat conduction in the composite wall is one-dimensional and the end effects are neglected.
iii.The thermal conductivity of the concrete slab and the roof top slab are considered constant and not
varying with respect to temperature 
iv. The bottom surface of the concrete slab is fully insulated, therefore all heating coil heat will transfer 
to the room. 
v. The PCM is homogeneous and isotropic.
vi. The convection effect in the molten PCM is neglected.
vii.The interfacial resistances are negligible .
viii.The PCM specific heat, Cp, is uniform during melting/solidification processes
ix.No temperature gradient through the PCM thickness
x.The PCM specific heat, Cp, values is considered as follows: 
Eq. (2) 
Eq. (3) 
Eq. (4) 
if 
if 
if 
then 𝐶𝑝 = 𝐶𝑝𝑠 then 𝐶𝑝 = 𝐶𝑝𝑙 then 𝐶𝑝  = 
ℎ𝑓𝑔 𝑙2 
𝑇𝑝𝑐𝑚  < 𝑇𝑝𝑐𝑚−𝑠𝑇𝑝𝑐𝑚  > 𝑇𝑝𝑐𝑚−𝑠𝑇𝑝𝑐𝑚  = 𝑇𝑝𝑐𝑚−𝑠
Where: 𝑇𝑝𝑐𝑚 = PCM temperature, ºC 
= PCM melting temperature, ºC 𝑇𝑝𝑐𝑚−𝑠𝐶𝑝 = Specific heat capacity, J/kg. ºC 
= Specific heat capacity for solid phase, J/kg. ºC 
= Specific heat capacity for liquid phase, J/kg. ºC 
= Latent heat capacity, J/kg. ºC 
𝐶𝑝𝑠 𝐶𝑝𝑙 ℎ𝑓𝑔 
The ON and OFF boiler setting temperature are related to room air temperature which are 20 ºC and 23 
ºC respectively. During ON period, the PCM will be is under charging mode. However, in OFF period, the 
PCM will be under discharging mode. Finally, the room surface temperature should be between 33 to 37 ºC. 
Fig. 4. Floor, heating coil, and PCM layout 
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3. ECONOMIC ANALYSIS
Factors affect the cost of adding PCM is obtained. The procedure,which was described by (Kabeel et al. 
2010) is used for economic analysis. Themain factors are: 
• Capital recovery factor (CRF) 𝑖(1+ 𝑖)𝑛Eq. (5) 𝐶𝑅𝐹 = (1+ 𝑖)𝑛−1 
Where, n is the useful lifespan of the system, which is assumed40 years for the PCM and, I, is the interest 
rate assumed 16%. 
  Annual fixed cost (AFC) 
Eq. (6) 
Sinking fund factor (SFF) 
Eq. (7) 
The annual salvage cost (S) 
Eq. (8) 
Annual salvage cost (ASC) 
Eq. (9) 
Annual maintenance cost (AMC) 
Eq. (10) 
Total annual cost (TAC) 
Eq. (11) 
AFC = P (CRF) 
  𝑖 𝑆𝐹𝐹 = (1+ 𝑖)𝑛−1 
 
S = 0.2×P 
 
ASC = (SFF) × S 
 
AMC = 0.15×FAC 
 
TAC = AFC + AMC - ASC 
  Cost per annual saving energy (CPL), is then given as: 
Eq. (12) CPL = TAC/Qsave-A
4. RESULTS AND DISCUSSION
Different PCMs involving organic and inorganic materials in underfloor heating system will be presented. 
The thickness effect of the PCM on the saved energy also will be presented. Fig. 5 represents the hourly heating 
load calculation in January month. It could be seen from this figure that after mid night, the heating load 
increases to its maximum value at 7 am then decreases till sun set then increases again. This trend reflect the 
effect solar radiation on day light than day night.
Fig. 6 represents the daily saving hour when using organic and inorganic PCMs. As noted in table 1 the 
organic PCMs have very close thermal and physical properties except the melting temperature, which will play 
very important influence on the daily saving hours and on the achieving the working conditions. Also, the 
PCMs differ in the price, which will be a very important parameter to select the best one from the economy 
point of view. As shown, in spite of high melting temperature is a positive parameter for many applications, 
but for under floor heating system it does not. This is because at high melting temperature, the room air 
temperature and floor surface temperature may be over the design comfort limit and vice versa for low meeting 
temperature. Finally, it could be noted that high latent heat of fusion and density are very important factor for 
discharging processes, however they consume high energy in charging processes. Therefore, PCM with melting 
temperature value higher than design floor surface temperature by 3 to 5 ºC is recommended.
Fig. 7 show the pay pack period for different PCM using in underfloor heating system. It could be seen 
from this figure that in spite of Cacl2 has the lowest working hour saving, its pay pack period is the smallest. 
This is actually because Cacl2 price is the cheapest. 
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Fig.5. hourly room heating load in January 
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Fig.7. pay pack period for different PCM type 
5. CONCLUSIONS
New theoretical study including comparative investigation among different PCMs on the amount of 
energy saving due to using PCN in underfloor heating system has been performed. The results show that: 
  Organic PCM A39 with melting temperature of 39 °C is suggested the optimum as it has less negative 
effect on the environment with high power saving. 
For economy point of view, Organic PCM A32 is the best organic PCM, which has less pay pack perid 
The Cacl2 PCM is recommended with the restrictions of the impacts on the environments due to the 
low cost. 
Latent heat of fusion has a positive effect on recharging mode, on the other hand it has a negative effect 
in power consuming during charging mode. 
Unlike using PCM in roofs and walls, in underflloor heating system application PCM melting 
temperature should be suitable for floor surface temperature and room air temperature 
 
 
 
 
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